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A two-dimensional gel database of rat liver proteins 
useful in gene regulation and drug effects studies 

A standard two-dimensional (2-D) protein map of Fischer 344 rat liver 
(F344MST3) is presented, with a tabular listing of more than 1200 protein species. 
Sodium dodecyl sulfate (SDS) molecular mass and isoelectric point have been es- 
tablished, based on positions of numerous internal standards. This map has been 
used to connect and compare hundreds of 2-D gels of rat liver samples from a va- 
riety of studies, and forms the nucleus of an expanding database describing rat 
liver proteins and their regulation by various drugs and toxic agents. An example 
of such a study, involving regulation of cholesterol synthesis by cholesterol-1 wer- 
ing drugs and a high-cholesterol diet, is presented. Since the map has been ob- 
tained with a widely used and highly reproducible 2-D gel system (the Iso-Dalt* 
system), it can be directly related to an expanding body of work in other laborato- 
ries. 
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1 Introduction 

High-resolution rwo-dimensionaJ electrophoresis of pro- 
teins, introduced in 1975 by OTarreU and others [1—4], has 
been used over the ensuing 16 years to examine a wide va- 
riety of biological systems, the results appearing in more 
than 5000 published papers. With the advent of computer- 
ized systems for analyzing two-dimensional (2-D) gel ima- 
ges and constructing spot databases, it is also possible to 
plan and assemble integrated bodies of information de- 
scribing the appearance and regulation of thousands of pr - 
tein gene products (5, 6]. Creating such databases involves 
amassing and organizing quantitative data from thousands 
of 2-D gels, and requires a substantial commitment in tech- 
nology and resources. 

Given the long-term effort required to develop a protein da- 
tabase, the choice of a biological system takes on consider- 
able importance. While in vtrro systems are ideal for answer- 
ing many experimental questions. ;specially in cancer re- 
search and genetics, our experience with cell cultures and 
tissue samples suggests that some w vivo approaches could 
have major advantages. In particular, we have noticed that 
liver tissue samples from rats and miceappearto show grea- 
ter quantitative reproducibility (in terms of individual pro- 
tein expression) than replicate cell cultures. This is perhaps 
a natural result of the homeostasis maintained in a com- 
plete animal vs. the well-known variability of cell cultures, 
the latter due principally to differences in reagents (e.g.. 
fetal bovine serum ). conditions (tv„\. pH) and genetic ~ev - 
lution"*of cell lines while in culture. It is also more ditTiculi 
to generate adequate amounts of protein from cell culture 
systems (particularly with attached cells), forcing the inves- 
tigator to resort to radiotsotope-based or silver-based stain- 
detection methods. While these methods are more sensi- 
tive (sometimes much more sensitive) than the Coomassie 
Brilliant Blue (CBB) stain typically used for protein detec- 
tion in "large" protein samples, they are generally more vari- 
able, more labor-intensive and. in the case of radiographic 
methods, may generate highly "nois>" images, due t the 
properties of the films used. By contrast, large protein sam- 
ples can easily be prepared from liver using urea/ Nonidet 
P-40 (NP-40) solubilization and stained with CBB. which 
has the advantage of being easily reproducible [8]. Finally, 
there remains the question of the "truthfulness"* f many in 
vino systems as compared to their in vivo analogs; how 
great are the changes caused by the introduction into a cul- 
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lure and the associated shift to strong selection for growth, 
and how do these affect experimental outcomes? Hence 
the apparent advantages of in vitro systems, in terms of ex- 
perimental manipulation, may be counterbalanced by 
ther factors relating to 2-D data quality. 

There is a second important class of reasons for exploring 
the use of an in vivo biological system such as the liver. His- 
torically, there have been two broad approaches to the me- 
chanistic dissection of biochemical processes in intact cel- 
lular systems: genetics (a search for informative mutants) 
and the use of chemical agents (drugs and chemical toxins). 
Both approaches help us to understand complex systems 
by disrupting some speciBc functional element and show- 
ing us the result. With tb: development of techniques for 
genetic manipulation and cloning, the genetic approach 
can be effectively applied either in vino or in vivo, although 
the in vitro route is usually quicker. The chemical approach 
can also be applied to either son of biological system: here, 
however, the bulk of consistently acquired information is 
in experimental animals (rats and mice). While most biolo- 
gists know a short list of compounds having specific, experi- 
mentally useful effects (e.g inhibitors of protein synthesis, 
ionophores, polymerase inhibitors, channel blockers, nu- 
cleotide analogs, and compounds affecting polymerization 
of cytoskeletal proteins), there is a much larger number of 
interesting chemically-induced effects, most of them char- 
acterized by lexicologists and pharmacologists in rodent 
systems. Just as a thorough genetic analysis would involve 
saturating a genome with mutations, it is possible to ima- 
gine a saturating number of drugs, the analysis of whose ac- 
tions would reveal the complete biochemistry of the cell. 
While organized drug discovery efforts usually target spe- 
cific desired effects, the nature of the process, with its de- 
pendence on screening large numbers of compounds, ne- 
cessarily produces many unanticipated effects' It is there- 
fore reasonable to suppose that the required broad range of 
compounds necessary to achieve "biochemical saturation" 
may be forthcoming: in fact, it may already exist among the 
hundreds of thousands of compounds that failed to qualify 
as drugs. 

Among organs, the liver is an obvious choice for the study 
of chemical effects because of its well-known plasticity and 
responsiveness. The brain appears to be quite plastic (e.g. 
[7]), but it is a complicated mixture of cell types requiring 
skillful dissection for most experiments. The kidney, while 
quite responsive, also presents a potentially confounding 
mixture of cell types. The liver, by contrast, is made up of 
one predominant cell type which is easy to solubilize: the 
hepatocyte, representing more than 95 % of its mass. Most 
importantly, the liver performs many homeostatic func- \ 
tions that require rapid modulation of gene expression. It 
appears that most chemical agents tested affect gene ex- 
pression in the liver at some dosage (N. Leigh Anderson, 
unpublished observations), an interesting contrast to our 
earlier work with lymphocytes Jor example, which seem to 
be much less responsive. Such results conform to the expec- 
.tation that cells with a homeostatic, physiological role 
should be more plastic than cells differentiated for a pur- 
p se dependent n the action of a limited number f spe- 
cific genes. 

The liver also allows the parallels between in vitro and in 
vivo systems to be examined in detail. Significant progress 



has been made in the development of mous- ra- 
man hepatocyte culture syst ms.as well as in Dree!."* h 
tissue slices. Using such an array of techniques i T^ 
ble to assemble a matrix of mammalian svsiemi in - 
mouse and rat in vivo on ne level and mouse, rat ***** 
man in vitro on a second level, and to compare efvT ^ 
tween species and between systems. This approach v N 
us to draw informed conclusions regardinc the bioch-* 
"universality" of biological responses among the ma^> 
and to offer some insight into the validity of m >■ ' U ' 
proaches for toxicological screenine. We believe iw" * r 
will be necessary if in vitro alternatives are to achieve ^ 
usage in government-mandated safetv lestine of drue< * Kt 
sumer products and industrial and agricultural chc~. - 7 

A number of interesting studies have been published m« 
2-D mapping to examine effects in the rodent liver An 
ber of investigarors have made use of the technic.."- 
screen for existing genetic variants [8-1 1 J or induced mu" 
lions [12-14). mainly in the mouse.This work builds on uTl 
wealth of genetic information available on the mouse an- 
us established position as a mammalian muiation-det-- 
tion system. While some studies of chemical effects haw 

tee f " un ? e 1 nakcn in lhe mouse US-Inmost hav e used th* 
rat [18-23]. The examination of the cytochrome MSOsv*. 
tern, in particular, has been carried out almost exclusive^ 
on the rat [24.25). 

These considerations lead us to conclude that rodent liv- 
offers the best opportunity to systematically examine ar 
array of gene regulation systems, and ultimately to build a 
predictive model of large-scale mammalian gene control 
The basic underlying foundation of such a project is a reli- 
able, reproducible master 2-D pattern of liver, to which on- 
going experimental results can be referred. In this paper, we 
report such a master pattern for the acidic and neutral pro- 
teins of rat liver (pattern F344MST3Un future, this master 
will be supplemented by maps of basic proteins.and analog- 
ous maps of mouse and human liver. 



2 Materials and methods 
2.1 Sample preparation 

Liver is an ideal sample material for most biochemical stud- 
ies, including 2-D analysis. A sample is taken of approxima- 
tely 0.5 g of tissue from the apical end of the left lobe of thr 
liver. Solubilization is effected as rapidly as practical; a 
delay of 5-15 min appears to cause no major alteration in 
liver protein composition if the liver pieces are kept cold 
(e.g., on ice) in the interim. In the solubilization process, 
the liver sample is weighed, placed in a glass homogenizer 
(e.g.. 15 mL Wheaton); 8 volumes of solubilizing solution* 

* The solubilizing solution is composed of 2% NP-40 (Sigma). 9 * uftM 
(analytical grade, ex. BDH or Bio-Radj. 0.5%) dithioihreitol (OTT- 
Sigma) and 2 learner ampholytes <pH 9-11 LKB: these come as 
stock solution, so 2 % final concentration is achieved by making the ft** 
solution 10% 9-1 1 Ampholine by volume). A large batch of *olu*> ,iltf 
(several hundred mL) is made and stored fro2en at -80 °C in alia* 6 * 
sufficient to provide enough for one day's estimated sample P re j*T 
lion requirement. Die solution is never allowed io become wtf ^ 
than room temperature at any stage during preparation orthtw*"* 1 " 

it«» tm»*k.«i:.. .r... • - i ^ *^nUm 



use. since healing of concentrated urea solutions can produce 
nants that covalently modify proteins producing anifactual 
shtfu. Once thawed, any unused solubilizer is discarded. 
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(i.e., 4 mL per Oi g tissue) and the mixture is ho- 
ized using first the loose- and then then the tight-fit- 
£ glass pestle. This takes approximately 5 strokes with 
Sx pestle and is carried out at room temperature because 
ct would crystallize out in the cold. Once the liver sample 
thoroughly homogenized in the s lubilizer. it is assumed 
ilill the proteins are denatured (by the chaotropic effect 
the urea and NP-40 detergent) and the enzymes inacti- 
xed by the high pH (-9.5). Therefore these samples may 
itept at room temperature until they can be cenuifuged 
frozen as a group (within several hours of preparation). 
ie samples are cemrifuged for 6 X 10* g min {e.g., 500 000 
f for 12 min using a Beckman TL-100 centrifuge). The 
affifuge rotor is maintained at just below room tempera- 
st (e.g., 15-20'C), but not too cold, so as to prevent the 
•ecipitation of urea. The centrifuge of choice is a Beckman 
LrlOO because of the sample tube sizes available, but any 
Itracentrifuge accepting smallish tubes will suffice. When 
l appropriate centrifuge is not available near the site of 
unple preparation, samples can be frozen at -80 ; C and 
lawed prior to cemrifugaiion and collection of superna- 
ints.Each supernatant is carefully removed following cen- 
ifugation and aliquoted into at least 4 clean tubes forstor- 
geLThis is done by transferring all the supernatant to one 
lean tube, mixing this gently (to assure homogeneous 
omposition) and then dividing it into 4 aliquois. The ali- 
uots are frozen immediately at -80*C. These multiple ali- 
uots can provide insurance against a failed run or a freezer 
reakdown. 

£ Two-dimensional electrophoresis 

Sample pr teins are resolved by 2-D electrophoresis using 
he 20 X 25 cm Iso-Dalt* 2-D gel system ((26-29]; pro- 
iuced by LSB and by Hoefer Scientific Instruments, San 
rrancisco) operating with 20 gels per batch. All first-dimen- 
iional isoelectric focusing (IEF) gels are prepared using the 
ame single standardized batch of carrier ampholytes 
2?H 4-8A in the present case, selected by LSB's batch- 
nesting program for rat and mouse database work"*). A 10 
iSTsample of solubilized liver protein is applied to each gel, 
and the gels are run for 33 000 to 34500 volt-hours using a 
progressively increasing voltage protocol implemented by 
$pr grammable high-voltage power supply. An Ange- 
iique* computer-controlled gradient-casting system (pro- 
duced by LSB) is used to prepare second-dimensional sod- 
ium dodecyl sulfate (SDS) polyacrylamide gradient slab 
site in which the top 5 % of the gel is 1 1 %T acrylamide, and 
foe lower 95 % of the gel varies linearly from 1 1 % to 1 8 %T. 
fjf: 

gus system has recently been modified so as to employ a 
gmznercially available 30.8%T acrylamide/ A'. A p -roethyle- 
fiebisacrylamide prepared solution (thus avoiding the han- 
ging of the solid acrylamide monomer) and three addi- 
tional si ck solutions: buffer (made from Sigma pre-set 
T?s), persulfate and - MAWAMetramethylethyienedi- 
.a^une (TEMED). Each gel is identified by a computer- 
ggnted filter paper label polymerized into the lower left cor- 
■ of the gel. First-dimensional IEF tube gels are loaded 

' material (succeeding certified batches of which are available from 
oefer Scientific Instruments) has the most linear pH gradient pro- 
viced by any ampholyte tested except for the Pharmacia wide range 
*taich has an unacceptable tendency to bind high-molecular weight 
die proteins, causing them 10 streak). 



directly (as extruded) ont the slab gels without equilibra- 
tion, and held in place by polyester fabric wedges (Wed- 
gies*, produced by LSB) to avoid the use of hot agarose. 
Second-dimensional slab gels are run overnight, in groups 
of 20, in cooled DAU tanks ( ) 0*C) with butler circulation. 
All run. parameters, reagent source and lot information, 
and notations of deviation from expected results are ente- 
red by the technician responsible on a detailed, multi-page 
record of the experiment. 

23 Staining 

Following SDS-electrophoresis, slab gels are stained for 
protein using a colloidal Coomassie Blue G-250 procedure 
in covered plastic boxes, with 10 gels (totalling approxima- 
tely 1 L of gel) per box. This procedure (based on the work 
of NeuhofT [30, 31]) involves fixation in 1.5 L of 50% etha- 
nol and 2% phosphoric acid for 2 h. three 30 min washes, 
each in 2 L of cold up water, and transfer to 1.5 L of 34% 
methanol, 17% ammonium sulfate and 2 % phosphoric acid 
for 1 h. followed by the addition of a gram of powdered Coo- 
massie Blue G-250 stain. Staining requires approximately 4 
days to reach equilibrium intensity, whereupon gels are 
transferred to cool tap water and their surfaces rinsed to re- 
move any particulate stain prior to scanning. Gels may be 
kept for several months in water with added sodium azide. 
The water washes remove ethanol that would dissolve the 
stain (and render the system noncolloidal. with high back- 
grounds). The concentrated ammonium sulfate and meth- 
anol solution is diluted by equilibration with the water vol- 
ume of the gels to automatically achieve the correct final 
concentrations for colloidal staining. Practical advantages 
of this staining approach can be summarized as follows: (i) 
the low, flat background makes computer evaluation of 
small spots (max OD < 0.02) possible, especially when 
using laser densitometry; (») up to 1500 spots can be reli- 
ably detected on many gels (e.g.. rat liver) at loadings low 
enough to preserve excellent resolution; and (iii) reprodu- 
cibility appears to be very' good: at least several hundred 
spots have coefficients of reproducibility less than 15%. 
This value is at least as good as previous CBB methods, and 
significantly better than many silver stain systems. 

2.4 Positional standardization 

The carbamylated rabbit muscle creatine phosphokinase 
(CPK) standards [32] are purchased from Pharmacia and 
BDH. Amino acid compositions, and numbers of residues 
present in proteins used for internal standardization, are 
taken from the Protein Identification Resource (PIR) se- 
quence database [33]. 

2.5 Computer analysis 

Stained slab gels are digitized in red light at 134 micron re- 
solution, using either a Molecular Dynamics laser scanner 
(with pixel sampling) or an Eikonix 78/99 CCD scanner. 
Raw digitized gel images are archived on high-density DAT 
tape (or equivalent st rage media) and a greyscale video- 
print prepared fr ra the raw digital image as hard-copy 
backup of the gel image. Gels are processed using the Kep- 
ler* s ftware system (produced by LSB), a commercially 
available workstation-based software package built on 
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some of the principles of the earlier TYCHO system [34- 
41). Procedure PROC008 is used to yield a spoUist giving 
position, shape and density information for each detected 
sp t. This procedure makes use of digital filtering, mathe- 
matical morphology techniques and digital masking to re- 
move the background, and uses full 2-D least-squares opti- 
mization to refine the parameters of a 2-D Gaussian shape 
for each spot. Processing parameters and file locations are 
stored in a relational database, while various log files detail- 
ing operation of the automatic analysis software are ar- 
chived with the reduced data.The computed resolution and 
level of Gaussian convergence of each gel are inspected 
and archived for quality control purposes. 

Experiment packages are constructed using the Kepler ex- 
periment definition database to assemble groups of 2-D 
patterns corresponding to the experimental groups (e g 
treated and control animals). Each 2-D pattern is matched 
to the appropriate -master" 2-D pattern (pattern 
F344MST3 in the case of Fischer 344 rat liver), thereby 
providing linkage to the existing rodent protein 2-D data- 
bases. The software allows experiments containing hun- 
dreds of gels to be constructed and analyzed as a unit, with 
up to 100 gels displayed on the screen at one time for com- 
parative purposes and multiple pages to accommodate ex- 
periments of > 1000 gels. For each treatment, proteins 
showing significant quantitative differences vs. appropriate 
controls are selected using group-wise statistical parame- 
ters (e.g.. Student s t-tesu Kepler* procedure STUDENT). 
Proteins satisfying various quantitative criteria {such as P< 
0.001 difference from appropriate controls) are repre- 
sented as highlighted spots onscreen or on computer-plot- 
ted protein maps and stored as spot populations (i.e., logi- 
cal vectors) in a liver protein database. Quantitative' data 
(spot parameters, statistical or other computed values) are 
st red as real-valued vectors in the database. Analysis of co- 
regulation is performed using a Pierson produci-momem 
correlation (Kepler procedure CORREL) to determine 
whether groups of proteins are coordinately regulated by 
any of the treatments. Such groups can be presented graphi- 
cally on a protein map, and reported together with the statis- 
tical criteria used to assess the level of coregulation. Multi- 
variate statistical analysis (e.g., principal components* ana- 
lysis) is performed on data exported to S AS (SAS Institute) 



ceuticais. ground and mixed with th* h;-. 

was Purina 5801M-A (5% ch lesteM J £ ?% s lT° l 
late in the control diet). Animal work Lrt^ Uni 
CTObiological Assoriates (Beihesda, MD^ 
chmataed 1 forone week on the control d « SSL****- 
vol diets for one week, and sacrificed on daf- \ "! 0rc °»- 
duly doses of lovastatin and cholesty ramine Tri 
groups were 37 mg/kg/dav and 5 e/ke/dav , P 0pr "* 
based on the weight of the'food consumed Li?,? eC,ive1 -'- 
were collected and prepared for 2-D ele-ironhr? ■ $an,pl " 
ing to the sundard «iv Cr p^iS'S^SS'^ 
volumes of 9 m urea. 2% NP-40 0 s£ T,t ? ll0n ,n * 
LKB P H 9-11 a^'ManS^m^SS^ 21 -- 
uon for 30 min at 80000 X g). BdSS?^'*- 
samples were frozen. Gels were run as d«cX d P " ma 
and the data was analyzed using the Keple" svstl'r"'* 
were scaled, to remove the effect of differences ^ ° els 
loading, by setting the summed abundances o?a iST 10 " 
ber of matched spots equal for each ge. (?faS5£j* 

3 Results and discussion 



2.6 Graphical data ootpot 

Graphical results are prepared in GKS and translated 
within Kepler* into output for any of a variety of devices 
Lmedrawing output is typically prepared as Postscript and 
printed on an Apple LaserWriter. Detailed maps presented 
here have been generated using an ulira-high-resolution 
P stscript-corapatible Linotronic output device. Greyscale 
graphics are reproduced from the workstation screen using 
a Seikosha videoprimer. Patterns are shown in the standard 
orientation, with high molecular mass at the top and acidic 
proteins to the left. 

2.7 Experiment LSBC04 

In the study described here I2-week-old Charles Rjver 
male F344 rats were used. Diets were prepared at LSB 
based on a Purina 5755M Basal Purified Diet. L vastatin 
and cholestyramine were btatned as prescription pharma- 



3.1 The rat liver protein 2-D map 

F344MST3 is a standard 2-D pattern of rat liv^r • 
based on the Fischer 344 strain" a? ™ ,™ £ £j 
from a single 2-D gel and extensively ed i led ln an 
mem companng it to a range of protein loads so as to » 
elude both small spots and well-resolved represemationsof 
high-abundance spots. More than 700 rat liSSKJ 
have been matched to F344MST3 in a senes of druJeE 
and protein characterization experiments, and 

bL W „?H?H ,ndU " d ,° y SPeCif ' C dru * S - for insunce?ha« 
been added as a result. A modified version including addi- 

K*h2° h Pr T m h"/^ S P ra * u *-Dawle> outbred Tat has 
a so been developed (data not shown). F.gure 1 shows a 
greyscale representation and Fig. 2 a schematic plot of the 
master pattern. More than 1200 spots are included, most of 
which are v.sible on typical gels loaded with 10 nLof solubi- 
hzed liver protein prepared by the standard method and 
stained with colloidal Coomassie Blue. Master spot num- 
bers (MSN s) have been assigned to all proteins, and ap- 
pear in the following figures, each showing one quadrant of 
the pattern. F.gure 3 shows the upper left (acidic, high 
molecular mass) quadrant. Fig. 4 the upper right (basic, 
high molecular mass) quadrant. Fig. 5 the lower left (acidic, 
ow molecular mass) quadrant, and Fig. 6 the lower right 
(basic, low molecular mass) quadrant. The quadrants over- 
lap as an aid to moving between them. The gel position (in 
100 micron units), isoelectric point (relative to the CPK in- 
ternal pi standards) and S DS molecular mass (from the cali- 
bration curve in Fig. 8) are listed for each spot (Table 1). Be- 
cause of the precision of the CPK-p/ values, these parame- 
ters can be used to relate spot locations between gel sys- 
tems more reliably than using p/measurements expressed 
as pH. A major objective of current studies is the identifica- 
tion of all major spots corresponding to known liver pro- 
teins, as well as rigorous definitions or subcellular orga- 
nelle contents. Of particular interest to us is the parallel de- 
velopment of identificati ns in the rat and mouse live' 
maps, all wing detailed comparisons of gene expression ef- 
fects in the two systems. The results of these studies will I* 
presented systematically in a later edition of this daub***- 
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f*e include here a useful series of 22 orienting identifi- 
jjemsasan aid to other users of the rat liver pattern (Table 

ft 



I Carbamylated charge standards, computed pf s and 
-' molecular mass standardization 

febave previously shown thai the use of a system of close- 
*5paeed interna] p/ markers (made by carbamylating a 
asic protein) offers an accurate and workable solution to 
it problem of assigning positions in the p/dimension [32]. 
be same system, based on 36 protein species made by car- 
abylating rabbit muscle CPK. has been used here to as- 
ign p/*s to most rat liver acidic and neutral proteins. The 
tandards were coelectropboresed with total liver proteins, 
nd the standard spots added to a special version of the 
master pattern F344MST3. The gel A-coordinates of all 
ver protein spots lying within the CPK charge train were 
ben transformed into CPK pi positions by interpolation 
)erween the positions of immediately adjacent standards 
Table 1) using a Kepler* vector procedure. 
••* 

t has proven possible to compute fairly accurate pi values 
or many proteins from the amino acid composition [42]. 
Ye have attempted here to test a further elaboration of this 
ipproach. in which we computed pf s forthe CPK standards 
Aemselves, based on our knowledge of the rabbii muscle 
CPK sequence and the fact that adjacent members of the 
iarge train typically differ by blockage of one additional ly- 
sine residue (Table 3). We compared these values to similar 
computed pf s for an additional set of carbamylated stand- 
ards made from human hemoglobin beta chains and a se- 
nes of rat liver and human plasma proteins of known posi- 
tion and sequence (Fig. 7, Table 4). The result demonstrates 
good concordance between these systems. Two proteins 
show significant deviations: liver fatty-acid binding protein 
(FABP; #1 in Table 4) and protein disulphide isomerase 
g20 in the table). The FABP spot present on F344MST3 
may represent a charge-modified version of a more basic 
parent spot closer to the expected p/, not resolved in the 
IEF/SDS gel. Of particular importance is the fact that, by 
Smparing computed pf s of sequenced but unlocated pro- 
Jems with the CPK pf s, we can assign a probable gel loca- 
$on without making any assumptions regarding the actual 
gel pH gradient. This offers a useful shortcut, given the va- 
garies of pH measurement on small diameter IEF gels. We 
Hye used this approach to compute the CPK pf s of all rat 
Sd mouse proteins in the PIR sequence database, as an aid 
protein identification (data not shown). 

lorderto standardize SDS molecular weight (SDS-MW), 
j have used a standard curve fined to a series of identified 
JgHeins (Fig. 8). Rather than using molecular mass per sc, 
*e have elected to use the number of amino acids in the 
Polypeptide chain, as perhaps a better indication of the 
ijggth of the SDS-coated rod that is sieved by the second 
SSnension slab. The resulting values were multiplied by 
(the weighted average mass of amino acids in se- 
ntenced proteins) t give predicted m lecular masses. Be- 
s we use gradient slabs, we have n t constrained the fit- 
Incurve to conform to any predetermined model; rather 
^tried many equations and selected the best using the 
pgram Tablecurve' 1 n a PC. The equati n chosen wasy 
- bx+ c/jc\ whereyis the number f residues,* is the gel 



y coordinate, a is 5 1 1 .83, £ is -0-273 1 and c is 33 1 8380 1 . The 
resulting fit appears to be fairly good over a broad range of 
molecular mass. 

3 J An example of rat liver gene regulation: Cholesterol 
metabolism 

Experiment LSBC04 was designed as a small-scale test of 
the regulation of cholesterol metabolism in vivo by three 
agents included in the diet: lovastatin (Mevacor*,an inhibi- 
tor of HMG-CoA reductase); cholestyramine (a bile acid 
sequestrant that has the effect of removing cholesterol 
from the gut-liver recirculation); and cholesterol itself. The 
first two agents should lower available cholesterol and the 
third should raise it, allowing manipulation of relevant 
gene expression control systems in both directions. Such 
an experiment offers an interesting test of the 2-D mapping 
system since most of the pathway enzymes are present in 
low abundance, many are membrane-bound and difficult 
to solubilize, and the pathway itself is complex. Approxima- 
tely 1000 proteins were separated and detected in liver ho- 
mogenates. Twenty-one proteins were found to be affected 
by at least one treatment, and these could be divided into 
several coregulated groups. 

33.1 MSN 413 (putative cytosolic HMG-CoA synthase) 
and sets of spots regulated coordinate!) or inversely 

One group of spots (including a spot assigned to the cyto- 
solic HMG-CoA synthase, MSN 413) showed the expected 
increase in abundance with lovastatin or cholestyramine, 
the synergistic further increase with lovastatin and choles-. 
tyramine,and a dramatic decrease with the high cholesterol 
diet. Spot number 413 is the most strongly regulated pro- 
tein in the present experiment, showing a 5- to 10-fold in- 
duction after a 1 week treatment with 0.075 °/b lovastatin and 
\9ro cholestyramine in the diet (Figs. 9 and 10). Its expres- 
sion follows precisely the expectation for an enzyme whose 
abundance is controlled by the cholesterol level; it is pro- 
gressively increased from the control levels by cholestyra- 
mine, lovastatin and lovastatin plus cholestyramine, and it 
sinks below the threshold of detection in animals fed the 
high cholesterol diet. This spot has been tentatively identi- 
fied as the cytosolic HMG-CoA synthase, based on a reac- 
tion with an antiserum to that protein provided by Dr. Mi- 
chael Greenspan at Merck Sharp it Dohme Research Labo- 
ratories. This enzyme lies immediately before HMG-CoA 
reductase in the liver cholesterol biosynthesis pathway, and 
is known to be co-regulated with it. Spot 413 has an SDS 
molecular weight of about 54 000 and a CPK pi of - 1 1 .4, m 
reasonably close agreement with a molecular weight of 
57300 and a CPK pi of -15.7 computed from the known se- 
quence of the hamster enzyme (43). 

Using a classical product-moment correlation test (Kepler 
procedure CORREL), a series of five additional spots was 
found to be coregulated with 4 13. The level of correlation 
was exceedingly high O 95%). Two of these, 1250 and 933, 
are at similar molecular weights and approximately one 
charge more acidic than 413 (Fig. 9), indicating that they 
may be covalently m dified forms of the 413 polypeptide. 
This suspici n is strengthened by the observation that both 
spots are also stained by the antibody t cytosolic HMG- 
CoA synthase. The remaining three correlated spots appear 
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to comprise an additional related pair (1253 and 1001) of 
around 40 kDa and a single spot (II19J Faro" d 28 ll>a 
Because these two presumed proieins are present at sub^ 

^1, «r « ? P 7 "^ 6 ,S reponcd 10 of od'v one 

SL,.v P >1>e , Pl,d f ' lhe> are Iike,y 10 rc P rcsent o'her.'verv- 
tightly coregulated enzymes. A second group of six soots 
was selected based on a regulatory patted dose to thS in- 
verse of that for spot 413 (MSN's 34. 79. 178. 182 204 347 
data not shown). For these proteins, the lowest level of ex- 
pression occurs with exposure to Jovastaiin plus cholestyra- 
mine and the highest level upon exposure to the high-cho- 
lesterol d.et.Spots 182 and 79 are highly correlated and l,e 
about one charge apart at the same molecular weight- thev 
may thus be isoforms of a single protein. The other four 
spots probably represent additional enzymes or subuniis. 

3 J.2 MSN 235 and coregulated spots 

A third group of five spots, mainly comprised of mitochon- 
drial proteins including putative mitochondrial HMG- 
CoA synthase spots.showed a modest induction by lovasta- 
un alone, but little or no effect with anv of the other treat- 
ments (including the combination of lovastatin and choles- 
tyramine; Fig. 12). This result is intriguing because lovasta- 
tin was expected to affect only the regulation of enzvrr.es of 
cholesterol synthesis, which is entirely extra-muochon- 
dnal Three of the spots (235. 134. 144) form a closely 
packed triad at approximately 30 kDa. and are likely to re- 
present isoforms of one protein. All three spots are stained 
by an anubody to the mitochondrial form of HMG-CoA 
synthase obtained from Dr. Greenspan. Subcellular fracuo- 
nation indicates a mitochondrial location. The other two 
spots (633 at about 38 kDa and 724 at about 69 kDa) are 
each present at lower abundance than the members of the 
triad. 

333 An example of an anti-synergistic effect 

A sixth spot (367) shows strong induction by lovastaiin 
two- to threefold), and about half as much induction with 
lovastatin plus cholestyramine, but without sharing the ani- 
mal-animal heterogeneity pattern of the 235-set (Fie 13) 
This protein is also mitochondrial, and represents the clear- 
est example of an anti-synergistic effect of lovastatin and 
cholestyramine. The existence of such an effect demon- 
strates that lovastatin and cholestyramine do not act exclu- 
sively through the same regulatory pathway 



proteins of the putative mitochondrial n„k 
mudmorevariableintheirexpS are „ 

am.nat.on of all the coregulated group" su«e™,K SAne »- 
tnative statistical techniques can extract a *w e M 
esung information from large sets orreproducS^f 
abundance of spots in the 413 ^regulation gro UD ff * ^ 
Ple.shows an amazing level of concordance i rXir, 
expression among the five individuals of the ?ov 
cholestyramine treatment group. This effect is in£ 
differences m total protein loading.since thev ha ° ^ 10 
been removed by scaling, and since proteins "J? J I M> 

13). Such effects raise the possibility that manv «„ ±: ? 
lation sets may be revealed through the smdv of I l U " 
c.ent.y large population of control an.rna S? r m i^' 
any expenmental manipulation). This approach ° u! 
natural biological variation in protein «3££n ns e "j" > 
drug effects, offers an important incentive f or Z ™™, °' 
t.on of a large library of control animal patterns " ; " 



4 Conclusions 

Because of the widespread use of rat liver in both basic hi*, 
chemistry and m toxicology, there >s a long-ieS „3 fa? 
comprehensive database of liver proteins. The rat i" rm , 
tcr pattern presented here has proven to be an accura ™ 

and the number of compounds tested for gene expression 
ejects grows, we expect this database to contribute vaiu 
able insights into gene regulation. Its practical utility in sew 
monstmed 0 mCChanislic loxic °l<*y " already being de- 
Received September 11, 199 ] 
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3 3.4 Complexify of the cholesterol synthesis pathway 

Taken together, these results suggest that treatment with lo- 
vastatin alone can affect both cytosolic and mitochondria] 
pathways using HMCCoA, while cholestyramine, on the 
other hand, either alone or in combination with lovastatin 
produces a strong effect on the putative cytosolic pathway! 
but little or no effect on the putative mitochondrial path- 
way. An explanation for this difference may lie in Jovasta. 
an s effect on levels of HMG-CoA and related precursor 
c mpounds that are exchanged between the cytosol and 
the irutoch ndnon, whereas cholestyramine should affect 
nly the cytosolic pathways directly controlled by cholester- 
ol and bile acid levels. It remains to be explained why some 
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/>gvff 9. Montage showing efTecis in tbf 
region of MSN :4 1 3. The montage shows i 
smaJI window mto one ponion of ihe J-D 
pattern. one row of windows for each e*T*" 
rimental group, and one pane) for ead»f*l 
in the experiment The lefi-mosi paitert 
in each row is a group-specific copy of |Bf 
master pattern followed by the pane"*- 
for the five individual raw in the group- 
Thc highlighted protein spots (filled cur- 
ies) are spot 4 U (on the right of each p** 
el; identified as cytosolic HMG-CoAi?» 
thase) and two modified forms of it 02f 
and 933). From ihe top. the rows (esp*** 
menul groups) are: high cholesterol. 
irols. cholestyramine, lovastatin. and 
sutin plus cholestyramine. 
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Figure fd. Birgrjph showing the quanuu- 
nvc effects of v,nous treatment* on the 
abundance of M5N:413 (cyiosohc HMG- 
CoA synthase) in the gels of Fig 9 
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^i/re / A Sargraphs of a series of six core- 
gulated spots including MSN.413. In the 
bargraphs. ihe abundances of the appro- 
priate spot (master spot number shown at 
the top of the panel) in each animaJ are 
shown. The five five-animaJ groups are in 
Che order (left to right): high cholesterol, 
controls, cholestyramine, lovasiatin, and 
lovuutin plus cholestyramine. Each bar 
within a group represents one experimen- 
tal animal liver (one 2-D gel). Note the cor- 
related expression of the 6 spots, espe- 
cially in the two far right (most strongly in- 
duced) groups. 
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Ftfvre i:. Data on a second coregulaisi 
prour of spots, presentee asm Fi; H T-! 
fourth experimental group <lovasu;:r 
shows a modes: induction, while the fifr 
group (lovasiaun plus cholesivramme. 
does not. 
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Figure I J. Dau on spot MSN:367, presented as in Fig. U. This pro"* 
shows unambiguously the anti-synergistic effect oflovtstatin and e*o^ 
tyramine (fifth group) is compared to lovuutin (fourth group)- ***** 
ponse contrasts strongly with the regulation pattern seen in Fig- JI * 
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137 
136 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
ISO 
151 
152 
153 
154 
155 
156 
157 
156 
159 
160 
161 
162 
164 
166 
167 
168 
169 
170 
171 
172 
173 



1119 
1731 
1033 
1406 
578 
20O4 
1106 
462 
665 
773 
312 
1769 
1565 
1662 
1482 
778 
1728 
1191 
1296 
6fi2 
1146 
1546 
1060 
1530 
838 
1572 
23 
621 
1298 
872 
1000 
1229 
1422 
1776 
1630 
660 
666 
1271 
1161 
453 
1856 
1504 
1488 
1689 
311 
1366 
1429 
615 
2006 
2006 
1070 
1347 
541 
1645 
1269 
1507 
1722 
932 
1031 
1970 
1256 
1275 
1663 
1034 
1953 
1020 
1566 
1905 
1340 
1506 
1336 
1969 
600 
476 
919 



536 
756 
566 
565 
1149 
536 
623 
455 
630 
1182 
1117 
509 
720 
807 
503 
516 
700 
660 
165 
907 
610 
649 
577 
628 
423 
712 
1433 
1474 
862 
921 
717 
311 
632 
499 
757 
537 
1019 
862 
1389 
1063 
823 
697 
707 
756 
1417 
915 
346 
1017 
566 
518 
1106 
578 
1481 
760 
236 
911 
446 
503 
294 
664 
183 
417 
820 
527 
771 
1482 
606 
565 
181 
563 
678 
541 
376 
956 
1314 



-9.9 
-2.0 
•11.4 
-6.1 
-23.6 
>0.0 
-10.1 
-28.5 
-20.2 
-17.0 
<-35.0 
-1.5 
•3.6 
-2.4 
-4.8 
-16.9 
-2.0 
4.9 
•7.5 
-19.6 
•0.5 
-4.1 
-11.1 
-44 
•15.4 
•3.8 
<-35.0 
•21.9 
-7.5 
•14.7 
-12.0 
-84 
•5.8 
-1 .4 
-0.1 
•20.4 
-20.2 
•7.9 
-9.3 
' -29.7 
-06 
-4.6 
-4.6 
-24 
«-35.0 
-6.7 
-5.7 
-22.1 
>0.0 
>0.0 
-10.7 
-6,9 
-25.7 
-28 
-7.9 
-4.5 
•2.1 
-13.5 
-114 
>0.0 
-8.1 
-7.8 
-2.6 
-114 
>0.0 
-11.6 
-3.8 
-0.2 
-7.0 
-4.6 
•7.0 
>0.0 
•164 
-28.7 
•13.7 



53.800 
40.700 
51.600 
51.700 
25.000 
53.700 
47.900 
61.300 
37,300 
23.800 
26.100 
56.100 
42.500 
38.30C 
49.700 
55,500 
43.50C 
44.500 
160.600 
34.100 
48.700 
36.500 
50.80C 
37.4a 
65.20C 
42.90C 
15.30C 
13.90C 
36.00C 
33.50C 
42.60C 
66.10C 
37.30C 
57.00C 
40.70C 
53.80C 
29.70C 
36.00C 
16.80C 
28.10C 
37.70C 
43.70C 
43.20C 
40.70C 
15.80C 
33.80C 
77.900 
29.800 
51.600 
55.300 
26.500 
50.800 
13.700 
40.500 
117.000 
33.900 
62.100 
56.600 
91.400 
44.400 
162 400 
65.900 
37.800 
54.600 
40.000 
13.700 
38.400 
51.700 
164.900 
50.400 
44.700 
53.500 
71.600 
32.100 
16.300 



174 
175 
177 
178 
179 
180 
181 
182 
184 
185 
186 
187 
186 
191 
192 
193 
194 
195 
196 
197 
196 
199 
200 
201 
202 
203 
204 
205 
206 
207 
206 
210 
211 
213 
214 
215 
216 
217 
218 
219 
220 
221 
223 
225 
226 
227 
228 
229 
230 
232 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 



1364 
825 
1562 
1321 
1069 
1866 
411 
604 
1660 
1997 
279 
773 
1536 
1560 
1818 
1469 
1380 
784 
1227 
667 
2006 
1711 
672 
292 
736 
786 
1224 
439 
1994 
1895 
240 
1700 
902 
1067 
1340 
1591 
1565 
1159 
931 
713 
1479 
965 
934 
1812 
621 
1566 
1065 
1577 
1456 
1440 
1692 
618 
920 
952 
1611 
1489 
501 
1820 
1357 
711 
1855 
1189 
551 
1348 
460 
1733 
1974 
806 
874 
753 
995 
1690 
994 
506 
1517 



163 
363 
553 

710 
615 
567 
295 
730 
896 
1017 
1113 
296 
807 
674 
687 
555 
266 
632 
1185 
553 
661 
674 
424 
435 
253 
629 
589 
963 
571 
687 
1418 
499 
517 
684 
668 
495 
755 
393 
572 
177 
911 
927 
716 
1045 
411 
1483 
567 
890 
496 
849 
489 
1004 
1138 
1008 
S41 
720 
448 
569 
656 
1182 
621 
474 
459 
604 



451 
788 
392 
553 
848 
450 
679 
1006 
464 
820 



-6.7 
•15.7 
-3.6 
-7.2 
•10 4 
-0.5 
-32.1 
-16.2 
-0.6 
>0.0 
<-35.0 
-17.0 
-4.2 
•3.9 
•0.9 
-5.0 
-64 
-167 
44 
•20.1 
>0.0 
-2.2 
•14.7 
<-35.0 
•18.0 
•16.7 
-6.5 
•30.9 
>0.0 
•0.3 
<-35.0 
-2.3 
-14.1 
-10.4 
-7.0 
-3.5 
-3.6 
-9.3 
-13.5 
-18.7 
-4.9 
-12.8 
-13.5 
-1.0 
-15.6 
-3.6 
-10.8 
-3.7 
-5.2 
•5.5 
-2.4 
-22.0 
-13.7 
•13.1 
-3 2 
-4.8 
-27.7 
-0.9 
-6.8 
-18.7 
-0.6 
-6.9 
-25.1 
-6.9 
•29.3 
•1.9 
>0.0 
•16.1 
•14.6 
-17.6 
•12.1 
•2.4 
•12.1 
•27.4 
-44 



162.900 
69.300 
52L600 
43.000 
48.300 
51.600 
91.200 
42.000 
"34.500 
29.600 
26.300 
90.800 
38.400 
44.900 
44,200 
52.400 
101.600 
47.300 
23.700 
52.600 
44.500 
44.900 
65.000 
63.700 
* 107.800 
37.400 
50.000 
31.100 
51.300 
44.200 
15.800 
57.000 
55.400 
44.400 
45.200 
57.300 
40.700 
69.300 
51.200 
170.500 
33.900 
33.300 
42.700 
28.800 
66.800 
13.600 
51.600 
34.600 
57.300 
36.500 
57.900 
30.300 
25.400 
30.200 
53.500 
42.500 
62.100 
51.400 
45.800 
23.800 
46.000 
59.300 
61.000 
49.100 
62.100 
61.800 
39.200 
69.500 
52.500 
36.500 
61.900 
44.600 
30.200 
60.400 
37.600 



W uble ofprotein, ,n the rat l„er datable, .bo-in, .po. master number.*! po,i.ion (x .nd y). 
'roined molecular man (from the standard curve of Fit. 8). 



isoelectric point relative to CPK sundards.and 



I. 



924 



MSN 



v CPW SOSMW 



MSN 



* 



Y CPKoJ SOSMW 



256 1796 

260 661 

261 1725 

262 486 

263 1063 

265 1390 

266 510 

267 660 
266 430 

268 1044 

270 2010 

271 657 

272 696 

274 12B2 

275 1350 

276 1670 

277 666 

278 861 

279 878 

281 1848 

282 1505 

283 1313 

284 1314 

285 1332 

286 1277 



292 1462 

293 531 



296 216 

297 1377 

299 913 

300 2012 

301 702 

302 494 

303 403 

304 1643 

305 1049 

306 1606 

307 1219 

308 1627 

309 1524 

310 1768 

311 1609 

312 266 

313 1902 

314 1316 

315 1341 
318 1104 

320 1480 

321 850 

322 1454 

323 670 

324 655 

325 1521 

326 1587 

327 1388 

328 446 ' 

330 1608 

331 1566 

332 531 

333 784 1 

334 1058 

335 1583 

336 1616 
336 1854 1 

339 1265 

340 581 

341 1497 II 

343 1351 

344 1613 i 



712 



'•I 31.900 
> 4 17.700 
44.600 
l -0 25.800 
177.400 
^ 45.000 
•3 63.400 
< 29.000 
•0 31.800 
-2 46.800 
•0 36.300 
0 65.200 
2 31.700 

* 42.900 
» 49.800 
6 27.100 

* 53.700 

0 42.600 
5 51,300 

> 27.300 
5 54.800 

> 25.100 

1 37.400 
' 67.200 

> 46.100 
I 37.600 

50.700 
55.900 
13.900 
37.800 
62.000 
43.600 
48.700 
38.000 
31,300 
12.400 
45.300 
169.200 
20.400 
30.100 
10.300 
49.800 
30.900 
33.700 
40.700 
34.700 
29.400 
14.700 
16.100 
17.600 
16.600 
54.800 
28.500 
14,400 
49.100 
13.300 
47.700 
420.500 
44.800 
44.700 
67.000 
20.100 
40.800 
43.700 
50.600 
24,700 
67,300 
88.500 
49.400 
30.300 
34,800 
50.300 
28.700 
102^00 
52.800 



» 50.800 

> 46.800 
? 42.000 

> 31.100 

> 18.300 
r 25.700 

> 48.100 
54.300 

1 33.900 
1 40.400 
37.300 
24.800 
30,600 
77.800 
79.400 
27,900 
40.100 
36.100 
24.800 
63.700 
56.200 
13.000 
33.000 
55.200 
63,000 
46.700 
36.100 
40.400 
28.300 
42.700 
54.200 
65.900 
50.400 
57.500 
49.600 
49.400 
44.900 
105.300 
1Z500 
57.500 
50.400 
49.100 
67.700 
34.300 
31.700 
44.000 
41.900 
40.600 
14.400 
50.600 
40.800 
106400 
28.100 
61.900 
25.300 
40.800 
52.500 
27.100 
108,000 
45.500 
59,000 
28.300 
26.000 
53.700 
64.900 
48.900 
57.300 
58.600 
40,000 
28.900 
33.900 
193.700 
36.200 
47.700 
31.800 




ttf 1991. 12. 



Y CPKpl SOSMW IOi X Y CPKdI SOSMW 



511 000 4*4 .16.0 SM00 

512 10M 5M -10.2 54.100 

513 1696 1014 29.200 
$14 W8 636 -13.2 47.100 

515 461 543 -2B.5 53.400 

516 1334 1044 .7.1 28.800 

517 868 1021 -14.8 29.700 
511 796 779 -16 3 39.600 

519 522 670 -15.7 45.100 

520 632 165 -21.5 189.000 

521 1332 830 -7.1 37.3C0 
5S 603 1104 -22.6 26 600 

523 1190 309 -8.9 86.800 

524 479 1226 -28.6 22.300 

525 768 1066 -17.2 29.000 

526 747 1016 -17.7 29.800 
5Z7 1170 231 -9.2 119.600 
528 1502 542 -4.6 53.400 
530 1726 620 -2.0 48.000 

532 507 1011 -27.4 »000 

533 670 489 -14.7 57,900 

534 1347 1065 -6.9 27.300 

535 1513 346 -4.5 77.800 

536 306 654 <-35.0 46.000 

538 1651 669 -0.7 44.100 

539 1463 962 -5.1 31.100 

540 909 561 -13.9 52.000 

541 625 289 -21.7 931O0 
5*2 1164 196 -9.2 146.200 

543 803 655 -16.2 45 900 

544 1259 1143 -8.0 25.200 

545 656 1526 -15.0 12JO0 

546 803 1071 -16.2 27.800 

547 1162 274 -0.3 96.400 
546 126 1321 <-35.0 16.000 
549 1355 1122 -6.6 25.600 
BO 595 866 -23.0 35.800 
552 1369 494 -6.6 57.500 
SJ 992 405 -12.2 67.600 
55 1125 410 -9.8 66.900 

556 705 975 -18.9 31.400 

557 U77 1030 -4.9 29 300 
556 980 583 -12.5 50.400 

559 700 1109 -19.1 26,400 

560 1029 621 -11.5 48.000 
562 896 794 -14.1 38,600 
564 789 1446 -16.6 14.900 
585 777 766 -16.9 40.200 
5* 980 328 -12.5 61.600 
567 1519 611 a.4 46600 

569 1212 661 -6.6 45600 

570 760 594 -17.4 49 700 
2 61 * «6 -21.9 32*100 
5*3 1142 771 -9.6 40 000 
57j 532 787 -26.2 39.300 
?5 771 250 -17.1 109.200 
2 1066 534 -10.6 54.100 
J 734 -15.7 41.800 
2? 614 754 -13.8 40.800 
2 1064 794 -10.6 38.900 
W 1524 714 -4 4 42.800 
J* 1392 783 -6.3 39.400 
*2 962 686 -12 4 44.200 
2* 1467 672 -4.6 45.000 
2* 756 731 -17.4 41.900 

667 1152 -19.5 24.900 

«0 523 -135 56.000 

1866 774 -04 39.900 

2J 642 485 -21.1 55.300 

*° 1317 516 -7J 55,300 

£J 65 1546 <.35.0 11,500 

J* 1014 614 -11.7 46.400 
g- 732 176 -16.1 17Z3O0 

1627 478 -3.0 56,000 

g 5 1 009 1 426 -1 1 .8 1 5.500 



566 


619 


2G9 


-21.9 


567 


1176 


461 


-9.1 


508 


1465 


1044 


-5.0 


599 


741 


1188 


.17 0 


600 


907 


402 


•W ft 


601 


687 




.IDC 


602 


712 


1138 


-18 7 


603 


896 


181 




604 


783 


1461 


-16.7 


605 


736 


223 


-18 0 


606 


629 


273 




607 


1064 


286 


-10.6 


606 


883 


503 


•14.5 


609 


2012 


610 


>0.0 


610 


1255 


903 


-6.1 


612 


1103 


391 


-10.1 


613 


778 


265 


•16.9 


614 


•824 


518 


-15.7 


615 


1095 


195 


-10 3 


616 


1756 


478 


-1.6 


617 


994 


372 


-12.1 


618 


751 


374 


-17.6 


619 


1429 


518 


•5.7 


620 


1050 


520 


-11.1 


621 


923 


1105 


-13.7 


622 


1462 


622 


-5.1 


623 


759 


225 


-17.4 


624 


758 


1038 


•17.4 


625 


1438 


606 


•5.5 


626 


1096 


1069 


•10.2 


627 


942 


548 


-13.3 


628 


809 


621 


-16.0 



629 899 979 -14 1 

630 1135 1321 .9.6 

631 979 615 -12 5 

632 1542 1076 -4 i 

633 1345 814 -6 9 

634 409 950 -32.2 



637 1263 524 -8 0 

638 952 411 -13 1 

639 1717 575 -2 1 

640 994 292 .i 2 .l 



643 719 296 -18 5 

644 1100 294 .105 



645 


534 


1263 


-26.1 


646 


1153 


1038 


-9.4 


646 


1246 


204 


-6.2 


649 


14 


1406 


<-35.0 


650 


1713 


1049 


-2.1 


651 


1986 


1183 


>00 


652 


1378 


816 


-6 5 


653 


1442 


1165 


•5.5 


654 


650 


806 


-20.8 


656 


1111 


551 


-10.0 


656 


1095 


861 


-10.3 


657 


1524 


540 


-4 4 


658 


1777 


860 


-1.4 


659 


391 


584 


•33.4 


660 


977 


565 


•12.5 


661 


656 


166 


-20.5 


662 


732 


312 


•18.1 


663 


1787 


567 


-1.2 


664 


888 


266 


-14.4 


665 


889 


775 


-14.3 


666 


715 


221 


-16.6 


667 


781 


227 


•16.6 


666 


646 


165 


-21 ,0 


666 


1116 


353 


-9.9 


670 


1362 


643 


-64 


671 


547 


789 


-25.3 


673 


964 


746 


-124 



94,000 



34.200 



72,600 
72.400 
55,300 



52.700 
36.000 
53.600 
36.000 
50.400 



86.100 



39.800 



76.300 
46.600 
39.200 
41.200 



Diubwe of rat ltv*r ( 



925 



MSN 



Y CPKpf SOSMW 



674 1661 446 -2.7 62.100 

675 1523 563 +4 5l m 

676 708 642 -18.8 46*700 

677 919 615 .13.7 48*300 

678 1085 551 -10.5 52.700 

679 600 923 -22.7 33 400 
660 1237 1004 ,83 30300 
«1 1103 283 -101 95 100 

662 1406 477 -6., S6100 

663 1596 249 .34 109 800 
684 555 699 -24.6 43 500 

« iiS 1 £ •« 19:300 

666 1932. 790 0.0 39.100 



46.100 



687 1545 619 

686 1456 764 - 5 .2 40M 

689 1011 953 -11.B 32.300 

690 1995 270 >0.0 100.200 



691 812 



16.0 



34.900 
14.400 



692 1154 1461 -94 „^ 

693 1993 619 >0.0 37 800 

694 1628 656 .3.0 45.900 

695 928 254 -13.6 107.000 



55.200 


697 


1997 


345 


26.600 


696 


957 


563 


47.900 


699 


1540 


730 


124,000 


702 


577 


900 


29.000 


703 


1610 


562 


48.900 


705 


1276 


571 


27.200 


706 


1841 


704 


53.000 


707 


1018 


1386 


48.000 


709 


1074 


1145 


31.300 


710 


293 


889 


19.100 


712 


720 


412 


48.300 


713 


1386 


841 


27.600 


714 


1328 


263 


36.000 


715 


698 


433 


32.400 


716 


701 


481 


43.300 


717 


1875 


699 


49.000 


718 


575 


702 


54.800 


719 


1216 


204 


66.700 


721 


1069 


464 


51.000 


722 


1272 


506 


92.000 


723 


956 


822 


22.400 


724 


763 


395 


108.900 


725 


720 


916 


90.700 


726 


1476 


415 


91.400 


727 


1846 


473 


21.000. 


728 


510 


783 


29.000 


729 


1217 


1126 


140.000 


730 


1856 


724 


16.200 


731 


665 


765 


26.600 


733 


1321 


312 


23.800 


734 


719 


427 



51.200 



16.900 



66.600 



-05 43.600 
-23.9 43.400 



59.400 



J 5 64.600 

735 1101 473 -10.2 59 500 

736 1359 569 -6.7 51 400 

738 696 220 -19.2 127 600 

739 667 409 -19.5 67 000 

740 1205 256 -6.7 106*200 

741 995 563 -12.1 $,900 

742 898 596 -14.1 49 500 

743 861 181 -14.5 1 65*900 

744 1951 686 >0.0 44 200 

745 726 168 -18.3 183*600 

746 999 643 -12 0 46 600 

748 182 1503 <-35.0 13 000 

749 2005 649 >0.0 46 300 

750 1448 575 -5 4 51*000 

751 792 266 -16.5 101 900 

752 469 296 -28.9 90600 

754 664 254 -20.3 107 COO 

755 1195 184 -8.8 161 0O0 

756 1821 1113 -0.9 26 300 

757 909 246 -13.9 111000 
760 790 133 -16.5 264 900 



926 la^o^ 



Y CPIW SQStfW 



USN 



v CP** sosmw 



761 
763 
784 

765 
766 
767 
766 
760 
770 
771 
773 
775 
776 
777 
778 
779 
760 
7B4 
785 
786 
787 
790 
791 
792 
793 
794 
796 
797 
798 
799 
600 
601 
602 
803 
804 
805 
806 
807 
808 
609 
810 
811 
812 
813 
614 
815 
616 
817 
616 
619 
820 
821 
822 
823 
824 
825 
826 
827 
828 
830 
831 
832 
833 
634 
837 
838 
839 
840 
841 
842 
643 



1399 
1416 

2020 
651 
1052 
1968 
1330 
1870 
657 
1337 
1576 
969 
1436 
1539 
850 
700 
1052 
1413 
1364 
1822 



733 
10B5 
569 
475 
1149 



616 
451 
777 
1536 
1461 
388 
1126 
933 
1420 
1759 
624 



613 
617 
974 
502 
824 
706 
456 
434 
411 

1136 
529 
685 
835 

392 



1775 
573 
203 
980 
902 
625 
1851 
440 
1358 
851 
745 
2026 
1066 
629 
1376 
1771 
1045 



845 
846 
847 



1712 
1256 
1517 
1442 
1240 
1309 
2012 
937 
1342 
562 
1073 
481 
501 
751 
635 
1494 
1952 
1565 
571 
1325 
1727 
630 
2016 
673 



1429 
377 
1S43 
807 
546 
212 
437 
593 
279 
865 
547 
1466 
196 
494 
1039 
306 
827 
1015 
573 
249 
393 
1246 
610 
645 
313 
1177 
790 
263 
362 
279 
205 
654 
449 
513 
1014 
708 
1405 
756 
626 
1039 
820 
581 
746 
833 
459 
301 
1060 
1312 
649 
301 
679 
90S 
1200 



-6.2 
-5.9 
>0.0 
•20.6 
-11.1 
>0.0 
-7.1 
>0.0 
-15.0 
-7.0 
•3.7 
-12.6 
•5.5 
-4.2 
-15.1 
-19.1 
-11.1 
-6.0 
-6.7 
-0.9 
-14.3 
-22.0 
-29.8 
-16.9 
-4.2 
•5.1 
-33.6 
-9.6 
-13.5 
•59 
-1.6 
•21.7 
-14.2 
-1 4 
-24.0 
«-35.0 
-12.5 
-14.1 
-21 .7 
-0.7 
•30.9 
-6.8 
-15.1 
•17.8 
>0.0 
•104 
-21.6 
-6.5 
•14 
-11.2 
•12.4 
-2.2 
-6.1 
-4 4 
-5.5 
-8.3 
-7.4 
>0.0 
-134 
-7.0 
•24.5 
•10.7 
-28.5 
-27J 
-17.6 
-21.3 
-4.7 
>0.0 
-3.6 
-24.1 
-7.2 
•2.0 
•21.5 
>0.0 
•19.9 



41.800 
27,300 
51.400 
59.300 
25.000 
59.900 
44.300 
48.500 
48.200 
31300 
56.700 
37.600 
43.100 
61.000 
63.800 
66.600 
25300 
54.400 
35.000 
37.100 
69.500 
35.100 
15.400 
72.000 
11.700 
38.300 
53.100 
133.700 
63.400 
49800 
96 500 
35.600 
53.000 
14.200 
148.400 
57,400 
29.000 
87.200 
37.500 
29.900 
51.100 
109.700 
69.400 
21.600 
36.200 
46.500 
65.700 
24.000 
39.100 
103.100 
74.600 
96.700 
139.200 
46.000 
62.000 
55.800 
29.900 
43.100 
16.200 
40.700 
37.500 
29.000 
37.800 
50,500 
41.100 
37.200 
60.900 
89.300 
27.500 
19.400 
46.300 
69.200 
44.600 
34.200 
23,200 



650 
651 
6S2 
B55 
656 
657 
656 
650 
860 
661 
862 
664 
865 
666 
866 
669 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
860 
881 
863 
664 
865 
666 
867 
868 
689 
690 
691 
892 
894 
895 
896 
697 
896 



900 

901 

903 

904 

905 

907 

908 

910 

911 

913 

914 

916 

917 

919 

920 

921 

923 

924 

925 

926 

927 

928 

929 

931 

932 

933 

934 

996 

937 



1663 
1166 
1535 
1035 
834 
499 
1063 
887 
1448 
706 
1070 
472 
674 
1307 
645 
627 
665 
1807 
1323 
1226 
1904 
556 
1540 
1566 
1196 
1076 
1161 
647 
1756 
1543 
1432 
922 
1103 
1501 
796 
636 
951 
717 
1123 
691 
1245 
1962 
1322 
420 
662 
845 
624 
931 
799 
765 
775 
668 
828 
661 

1544 

1606 

1237 

1442 

1260 
764 

1133 

1123 
829 
1131 
1441 

679 
1467 
1062 
1231 
1609 

810 

965 

947 

865 
1421 



271 
523 
1024 
626 
542 
220 
194 
890 
639 
311 
1066 
347 
460 
499 
687 
1004 
494 
402 
783 
1031 
346 
647 
756 
777 
351 
720 
1111 
757 
594 
276 
690 
669 
414 
607 
1103 
634 
759 
546 
229 
413 
234 
346 
626 
570 
428 
243 
703 
1094 
229 
520 
669 
624 
1303 
1544 

301 
387 
668 
749 
367 
1541 
1123 
360 
242 
316 
874 
219 
1191 
775 
816 
670 
900 
520 
462 
643 
1056 



-0.6 
-8.2 
■4.2 
•11.4 
•15.5 
-27.8 
-10.9 
-14.4 
-5.4 
•18.9 
-10.7 
-28.6 
-18.9 
-7.4 
-21.0 
-15.6 
-19.5 
-1.0 
-7.2 
-6.4 
-0.3 
•24.8 
-4.2 
-3.6 
-6.8 
-10.6 
-9.3 
-20.9 
-1.6 
-4 1 
-5.7 
•13.7 
-10.1 
-4.6 



-16.3 
-21.3 
-13.1 
-18.6 
•9.6 
-14.3 
•6.2 
>0.0 
-7.2 
-31.4 
-20.3 
•15.3 
-21.7 
-13.5 
-16.3 
-17.2 
-17.0 

•14 4 

•15.6 
-19.7 
-4.1 
-3.3 
-6.3 
•5.5 
-6.0 
•17.3 
-9.7 
•9.8 
•15.6 
•9.7 
-5.5 
-19.7 
-4.8 
•10.5 
-64 
-3.3 
•16.0 
-12.8 
•13.2 
-14.8 
-59 



99.500 
54.900 
29.600 
37.500 
53.400 
127.100 
150.500 
34.800 
46.900 
86,200 
28.000 
77.600 
56.600 
57.000 
34.900 
30.300 
57.400 
68.000 
39.400 
29.300 
77.700 
46.400 
40.700 
39.700 
76.800 
42.500 
26.400 
40.700 
49.700 
97.100 
34,800 
44.100 
66.400 
46.900 
26.600 
47.200 
40.600 
' 52.900 
121.200 
66.400 
117.800 
77.700 
47.700 
51.300 
64.500 
113.000 
43.400 
27.000 
121.000 
55.200 
34.800 
37.600 
19.700 
11.700 
89.100 
70.400 
44.100 
41.100 
73.700 
11.700 
25.900 
71.500 
113.200 
64.300 
35.400 
128.200 
23.500 
39.800 
36.000 
45.100 
34.400 
55.100 
60.600 
36.600 
28.400 




838 1197 

841 1765 

942 602 

8*3 312 

944 993 

845 13O0 

946 630 

W7 187 

848 1380 

849 1766 

850 1036 
951 860 
852 957 
954 503 
855 1936 
9S7 1010 



959 
960 
961 
962 
963 
964 

865 671 

866 1204 



766 
596 
557 
667 
564 



867 
968 



910 
609 



869 1285 
970 822 



971 
972 
974 
975 



976 
403 
279 
644 



976 1124 

977 994 

978 1612 

979 749 

980 1064 
961 1197 

963 1762 

964 1344 

965 1024 
967 739 



988 
990 



816 
785 



991 1159 

992 1090 

993 1030 

994 847 



902 



995 
996 

997 1815 

998 1205 



999 
1000 
1001 



617 
966 
970 



1002 1 736 

1003 643 



1006 
1007 
1009 



622 
875 
291 



1010 1386 

1011 459 



1012 
1013 



679 
1818 



1014 1032 

1015 1629 

1016 1311 

1017 1722 

1018 1015 

1020 1574 

1021 781 

1022 1129 

1023 612 

1024 765 

1025 1290 



827 
885 

472 
496 
491 

269 
423 

736 
344 

665 
193 
152 
701 
547 
712 
616 
174 
419 
409 
320 
334 
1155 
256 
796 
154 
1048 
206 
232 
437 
567 
495 
981 
295 
664 
642 
1141 
642 
911 
1506 
317 
1105 
1159 
555 
361 
317 
928 
701 
811 
461 
847 
579 
504 
289 
290 
771 
476 
1164 
487 
279 
644 
745 
541 
661 
1128 
634 
994 
1134 
424 
743 
1219 



63 
317 
446 

739 



4.6 

•1.5 
22.7 
<-35.0 
•121 
•7.5 
-21 6 
<350 
-6 5 
-1.5 
■11.3 
-14.9 
•13.0 
-27.6 
>0.0 
-11.8 
•17.2 
-23.0 
•24 6 
•14 4 
-24.5 
-12.6 
-20.0 
-6.7 
-13.9 
-22.3 
-77 
•15.6 
-12.6 
-326 
:-35.0 
-153 
•9.6 
•12.1 
•3.2 
-17.7 
-10.8 
-8.8 
-1.6 
•6.9 
•11.5 
•179 
•15.9 
•16.7 
-93 
-10 4 
-11.5 
•15,2 

•14.1 
•14 4 

-09 
-8 7 

-22 0 
-128 
•12 7 
-1.9 
-21.1 
-158 
•14 6 
<-350 
•64 
•29 4 
•19.7 
-09 
-11 4 
-3.0 
-7 4 
-20 
-11.7 
-3.7 
•168 
•9.7 
-159 
-16.7 
•77 



37 

596o: 

S7.lt* 
57.7H 

«5.icc 

^.200 
4 *4flc 
*51.0* 
213.0C0 
*3 400 
S3. CCD 
42.903 
37.900 
"4.9CC 
«5 7fic 
«7.1CC 
B3.90C 
60.50c 
24.830 
106.60C 
39.700 
210.30C 
28.700 
136.900 
119.3CC 
63 40C 
51 60C 
57.40C 
31.20C 
91.100 
45 400 
46.700 
25.300 
46.700 
33.900 
12.600 
64.700 
26.600 
24 600 
52.4CC 
74.900 
84.500 
33.300 
43.400 
38.200 
60.700 
36.600 
50.700 
56.500 
93100 
92.700 
40.000 
56.900 
23.700 
56.100 
96.400 
46.600 
41.200 
53 500 
45.600 
25.800 
47.200 
30.700 
25.500 
65.000 
41.300 
22.500 
50.400 
591.3* 
84.609 
52.400 
41.500 



405 
1296 
856 
1264 
966 
1547 
1381 
1525 
1126 
1226 
1761 
S41 
818 
1036 
1439 
1540 
1576 
1089 
649 
426 
1563 
779 
1613 
1380 
284 
1261 
393 
1817 
1245 
1256 
705 
1181 
529 
508 
1898 
873 
1768 
836 
1863 
626 
871 
1697 
1157 
820 
1867 
2019 
1546 
1545 
61 
1854 
668 
1050 
457 
1664 
1714 
1717 
1976 
S47 
1348 
1365 
1078 
875 
1202 
1022 
1905 
1512 
1114 
1464 
1048 
1122 
1722 
L* 1096 
1830 
764 
1968 




D«uh«u of r»i iw pfoutns 



927 



405 552 



856 



I0B7 

1090 1284 

1091 886 

1032 1547 

1033 1381 

1034 1525 

1035 1128 

1036 1226 
1030 1761 



1040 
1041 



1044 1036 

1045 1439 

1047 1540 

1048 1576 
1048 1080 
1060 
1061 

1062 1563 
1063 

1064 1613 

1065 1380 



547 
226 
822 
403 
551 
496 
645 
274 
262 
630 
010 
485 
407 
250 
635 
411 

049 1040 
426 816 
1385 
779 1002 
620 
377 



541 
616 



423 
-7.5 
-15.0 
-7.7 
-123 
-4.1 
-64 
•43 
-8.7 
-8.5 
•1.6 
•25.7 
•15.8 
-11.3 
SS 
-43 
•3.7 
-10.4 
-13.2 
-31.1 
-3.6 
-16.8 
*2 
-6.5 



1066 284 663 <-35.0 



1056 


1261 


746 


-8.0 


1060 


393 


605 


-33.3 


1061 


1817 


645 


-0.9 


1062 


1245 


746 


-8.2 


1064 


1258 


792 


-8.1 


1065 


705 


934 


-18.0 


1066 


1181 


734 


-9.0 


1067 


520 


658 


-26.3 


106B 


506 


696 


-27.4 


1060 


1806 


604 


-0.3 


1071 


873 


609 


-14.7 


1073 


1766 


1128 


-1.5 


1075 


836 


773 


-15.4 


1076 


1863 


861 


-0.6 


1078 


826 


566 


-15.7 


1081 


971 


483 


-12.7 


1083 


1697 


202 


-2.3 


1065 


1157 


794 


-9 4 


1090 


620 


910 


-21.9 


1092 


1867 


597 


-0.5 


1093 


2019 


894 


>0.0 


1094 


1546 


538 


-4.1 


1095 


1545 


477 


-4.1 


•1096 


61 


835 


<-35.0 


1009 


1954 


237 


>0.0 


1101 


588 


1048 


-23.3 


:i02 


1050 


667 


-11.1 


1103 


457 


797 


-29.5 


105 


1884 


532 


-0.4 


106 


1714 


649 


-2.1 


107 


1717 


546 


-2.1 


HQS 


1976 


722 


>0.0 



H11 



547 1066 
621 



^12 1348 

115 1385 

116 1078 

117 075 

118 1202 
1022 1076 

;1 » 1905 616 
1512 1301 

1 22 1114 

123 1464 
; 125 1048 
128 1122 
128 1722 
'133 1098 



762 
816 
787 
903 



677 
452 
857 
802 
892 



1830 569 



147 



764 1182 



i 4 * 1968 724 



•25.3 
-6.9 
-6.4 

-10.6 

-12.6 
-8.7 

-11.6 
-0.3 
-4.5 
-9.9- 
-5.1 

-11.1 
-9.6 
-2.1 

•10.2 

-0.6 
-17 J 

>0.0 



52.800 
36300 
53.000 
123.200 
37.700 
67.000 
52.700 
57.200 
46.500 
06.300 
103.600 
36.000 
34,000 
58,300 
67.300 
100.200 
47.100 
66,700 
26.900 
37.800 
16,000 
27.000 
46.000 
72.000 
45.500 
41.200 
49.000 
46,600 
41.200 
39.000 
33.000 
41.800 
45.800 
43.700 
49.100 
48,700 
25.800 
39.900 
36.000 
51,600 
58.500 
142.300 
38.900 
34.000 
49.500 
34.600 
53.700 
59.100 
33.000 
116.000 
28.600 
45.200 
38.800 
54,200 
46.300 
53.100 
42.400 
28.000 
48,000 
40.400 
38.000 
39,300 
33.100 
27.600 
48.300 
19.700 
44.700 
61.700 
36.200 
38.600 
34,700 
37.500 
51,400 
23.800 
42.300 



US4 



Y CPW SDSMW 



1153 
1154 
1181 
1162 
1163 
1168 
1170 
1171 
1172 
1174 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1180 
1190 
1191 
1192 
1193 
1194 
1105 
1196 
1197 
1198 
1199 
1200 
1201 
1202 
1203 
1204 
1205 
1206 
1209 
1210 
1211 
1212 
1214 
1215 
1216 
1217 
1216 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1Z33 
1234 
1235 
1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 



821 
1504 
637 
623 
665 
564 
552 
538 
545 
1090 
1304 
1366 
1606 
1485 
1450 
1431 
1407 
1383 
1454 
1422 
1394 
1171 
1457 



1158 
864 

400 
307 
397 
528 
529 
524 
514 
522 
586 
539 
702 
224 
224 
223 
223 
234 
182 
183 
182 
214 
286 
1114 



265 
403 
344 
505 
572 
639 
637 
614 
637 
1095 
1719 
791 
964 
313 
306 
320 
326 
394 
402 
386 
641 
660 
914 
873 
970 
1021 
1392 
1354 
1362 
673 
614 
603 
606 
707 
475 



759 
1324 
1563 
1865 
1812 
1411 
1392 
794 
769 
740- 
743 
713 
662 
663 
565 



1292 
1275 
1311 
1293 
1502 
1402 
1407 
1431 
1394 
1545 
668 
1021 
195 
194 
197 
197 
294 
294 
294 
329 
329 
266 
245 
372 
298 
205 
203 
205 
540 
542 
539 
623 
628 
447 

1282 

1461 

1170 

1005 

609 

817 

703 

682 

410 

407 

406 

511 

510 

509 

504 

582 



-13.7 
-33 
-21 J 
-213 
•20.2 
-24.4 
-25.0 
•25.9 
•25.5 
•10.2 
•7.5 
-6.6 
-33 
-4.8 
.•5-2 
•5.7 
-6.1 
-64 
-5.3 
•56 
-6.3 
-9.2 
-5.2 
•19.5 
<35.0 
•32.6 
«-35.0 
-27.6 
-24.1 
-21.2 
•21.3 
-22 1 
-21.3 
-10.3 
-2.1 
-16.5 
•12.0 
«-35.0 
<-35.0 
<-35.0 
<-35.0 
•33.2 
•327 
•33.7 
-21.2 
-20 4 
-13.8 
•14.7 
-12.7 
-11.6 
-6.3 
-6.8 
-67 
-19.9 
-22.1 
-22.6 
•19.2 
-18.9 
-28.7 
-29.0 
-17.4 
-7.2 
-3.6 
-0.6 
•1.0 
-60 
-63 
•16 4 
-17.1 
•17.9 
•17.8 
•18.7 
19.6 
20.3 
24 4 



24.700 
35.000 
68.400 
66.800 
66.700 
54.500 
54.500 
54.800 
55.700 
55.000 
50.200 
53.700 
43.400 
124.900 
124.900 
125.100 
125.200 
124.700 
164.400 
162.600 
164.300 
131.800 
94.200 
26.200 
34.700 
20.000 
20.600 
19.400 
20.000 
13.000 
16.300 
16.200 
15.400 
16.600 
11.600 
45.200 
29.700 
148.700 
149.600 
147.400 
146.600 
91.400 
91.200 
91 400 
81.600 
81.600 
101.800 
112.000 
72.900 
90.100 
139.500 
141.800 
139.500 
53.600 
53.400 
53.600 
47.800 
47.500 
62.300 
20.400 
14 400 
24.200 
30.300 
38.200 
37.900 
43 400 
44.500 
66.900 
67.300 
67.500 
55.000 
56.000 
56.100 
56.500 
50.500 



MSN 



Y CPKtf SDSMW 



1246 

1247 

1249 

1250 

1251 

1252 

1253 

1254 

1255 

1257 

1258 

1259 

1260 

1261 

1262 

1263 

1264 

1265 

1266 

1267 

1268 

1269 

1270 

1271 

1272 

1273 

1274 

1277 

1278 

1279 

1280 

1281 

1282 

12S3 

1284 

1285 

1286 

1287 

1288 

1289 

1290 

1291 

1292 

1293 

1294 

1295 



547 
530 
516 
073 
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899 
1311 
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1938 
1806 
1727 
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1555 
1468 
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1263 
1182 
1110 
1055 
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-253 
-263 
-273 
-12.7 
•224 
-20.2 
•14.1 
-7.4 
-7.5 
CO 
-1.0 
-2.0 
-3.0 
-4.0 
■5.0 
-6.0 
•7.0 
-6.0 
•9.0 
-10.0 
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•14.0 
-15.0 
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-17.0 
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•25.0 
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•33.0 
•34.0 
-350 
-35.0 



50.800 

50.000 

51.200 

53.000 

54.200 

54.400 

40.200 

41.200 

40.400 

42.900 
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42.600 
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42.900 

42.B00 

43.300 

42.900 

43.100 

42.900 

43.000 

43.000 

43.100 

43.300 

43.500 

43.700 

43.800 

44.J00 

44.400 

45.200 
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4S.900 
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46.100 

46.000 

46.100 
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Table 4. Computed pT % of some teowp proteins rtUud to measured CPK p/*s 



Protein Name 

Creatine phospno kinase (CPK). rafcbrt muscle 
Fatty acid-binding protein, rat hepatic 
b2-microglobubn. human 
Camamoy^phosohate syntnase. rat 
Proatoumm ( serum atoumm precursor), rat 
Serum albumin, ra: 

Superoxid dismuxase (Cu-Zn. SOD), rat 

Phospholipase C. phophoinosmoe-specific (?). rat 

Albumin, human 

Apo A- 1 lipoprotein, rat 

proApo A- 1 lipoprotein, human 

NADPH cytochrome P-450 reductase, rat 

Retinol binding protein, human 

Actin beta, rat 

Act in gamma, ra: 

Apo A-l lipoprotein, human 

Apo A-IV lipoprotein, human 

Tubulin alpha, rat 

FiATPase beta, bovine 

Tubulin beta, pig 

Protein disulphide isomerase (PDI). rat hepatic 

Cytochrome D5. rat 

Ado C-!i liooorotetn. human 

Amino aac pi assumea n caiulation: 



PIR 
Name 

KIRBCM 
F2RTL 
MGHUB2 
SYRTCA 
ABRTS 
ABRTS 
A26810 
A28B07 
ABHUS 
A24700 
LPHUA1 
RDRT04 
VAHU 
ATRTC 
ATRTC 
LPHUA1 
LPHUA4 
UBRTA 
PWBOB 
UBPGB 
ISRTSS 
CBRT5 
LPHUC2 



#ASP #GLU tHIS #LYS#ARCP 
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51 


'9 


10 


15 
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10 
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0 


6 


1 


3.9 


4.1 


6.0 


10.8 


12.5 



Ctlc 

Dl 

Tu 

7.83 
6.09 
5.97 
5.96 
5.71 
5.91 
5.92 
5.70 
5.32 
5.35 
5.07 
5.04 
5.06 
5.07 
5.10 
4.88 
4.66 
4.80 
4.49 
4.07 
4.59 
444 



•3,0 
•5.0 
•5.S 
■6? 
•9.0 
•9.2 
•9j 
•M.5 
-137 
■Uj 
•1S.6 
-16.9 
•177 
-16.6 
•17.5 
•19.7 
•19.8 
•2l.O 
-22i 
•25.0 
•26.0 
•30.5 



